The effect of cigarette smoking on extracranial carotid atherosclerosis was studied by obtaining cigarette smoking histories and information on other potential risk factors from consecutive patients undergoing carotid arteriography. At least one extracranial carotid artery was visualized in 752 patients in whom the extent of carotid atherosclerosis was assessed. The total years of cigarette smoking was the most significant independent predictor of the presence of severe carotid atherosclerosis. Other independent predictors, in order of significance, were age, hypertension, diabetes mellitus, male sex, and current systolic blood pressure. By age 60 years, the risk of having severe carotid atherosclerosis for a person who had smoked for 40 years was approximately 3.5 times that for a never smoker. The major benefit of smoking cessation is in limiting the accumulation of smoking years. (Stroke 1990;21:707-714)
T here has not been a consensus on the possible risk of stroke that is related to cigarette smoking.
1 - 5 However, recent studies 6 -7 have provided the strongest evidence to date of an increased risk. A meta-analysis 8 estimated the relative risk of stroke associated with cigarette smoking to be 1.5. If cigarette smoking affects a single or only a limited number of the pathologic processes that underlie stroke, then the association may be diluted when all strokes are considered. Thus, we designed this study to determine whether there is a positive association between cigarette smoking and cervical carotid artery atherosclerosis (CAS) independent of the confounding effects of other variables.
Subjects and Methods
Patients between the ages of 40 and 69 years who had unilateral or bilateral carotid arteriography at the Mayo Clinic for any reason between July 1983 and October 1986 were entered into this prospective study. The study population was enriched with symptomatic cerebrovascular disease because this was the most frequent indication for arteriography. Cere-brovascular disease indications included transient ischemic attacks (TIAs), cerebral infarction, retinal infarction, and asymptomatic carotid bruit. Nonatherosclerotic indications included intracerebral and subarachnoid hemorrhage, intracranial mass lesion, cerebral vasculitis, carotid dissection, and head trauma. At least one extracranial arterial side was visualized on carotid arteriograms performed on 752 consecutive patients who met the inclusion criteria.
A detailed history of potential vascular risk factors and conditions considered to be associated with atherosclerosis was obtained from the medical record, by interviewing each patient, and at the time of the evaluation prior to arteriography. These variables are defined in Appendix 1. For cigarette smoking, patients were classified as to use as never smokers, former smokers (if they had ceased smoking for >6 months), or current smokers. Information on years smoked and average number of cigarettes smoked per day was obtained for each current and former smoker. The current and former smokers were asked to estimate the number of cigarettes smoked per day, but the information was recorded in ranges (1-10, 11-20, 21-30 , 31-40, or >40). Years since quitting smoking was not recorded for never smokers, was recorded as 0 for current smokers, and was as reported for former smokers.
The variables were divided into two groups. In the first group were the variables thought to be potentially related directly to the presence of CAS. These included age, sex, cigarette use, years smoked, number of cigarettes smoked per day, years since quitting smoking, hypertension, diabetes mellitus, fasting blood sugar concentration, alcohol use, physical activity, family history of stroke, and current systolic and diastolic blood pressure. These were the only variables eligible for entry into the final multivariate analysis.
In the second group were the variables judged to be comorbid conditions or thought to be not related directly to the presence of CAS. Comorbid conditions included history of TIA or stroke, peripheral vascular disease, history of myocardial infarction or angina, cardiac arrhythmia, antihypertensive treatment or antiplatelet treatment, and carotid bruit. Variables considered as probably unrelated were congestive heart failure, oral contraceptive use, weight, hemoglobin, hematocrit, and left ventricular hypertrophy.
The presence or absence of atherosclerotic lesions was determined at each of two sites in the extracranial portion of the carotid artery on each side. The sites assessed were the terminal 2.5 cm of the common carotid artery and the proximal 2.5 cm of the internal carotid artery. The severity of disease at each site was graded as 1, no plaque; 2, plaque with insignificant compromise of the lumen; 3, 10-24% diameter stenosis; 4, 25-49% diameter stenosis; 5, 50-74% diameter stenosis; 6, 75-89% diameter stenosis; 7, 90-99% diameter stenosis; and 8, occlusion.
All angiograms were evaluated by the same neuroradiologist without knowledge of either the patient's history of cigarette smoking or the indication for angiography. A random sample of 10% of the angiograms was interpreted a second time by the same neuroradiologist to assess the reliability of his radiologic observations. The atherosclerosis severity grades of the two readings were compared, and < 1.5% of the second interpretations differed from the originals by more than one grade (higher or lower). The highest grade for all sites considered was recorded as the maximal CAS grade for each patient. Of the 752 patients, 68% had all four sites available for analysis.
The original classification of the carotid arteries of the patients into eight severity grades, ranging from no stenosis (0.0%) to complete occlusion (100.0%), implies the existence of an underlying variablepercent occlusion -that ideally is determined with sufficient precision that it could be analyzed as a continuous variable. However, the ideal is not attainable and the distribution of this variable is peculiar to the population being studied. Indeed, because it is difficult to distinguish 20% from 30% occlusion and because 0% and 100% -fairly easy to determineoccur frequently, we opted to categorize all patients as belonging to one of four severity classes, which for convenience may be referred to as normal, mild, moderate, and severe disease. These represent adjacent groupings of the initial classification.
In this way an ordered categorical response variable is defined, and the primary statistical issue is to assess the impact of a number of concomitant variables on this response variable. We opted to use the logistic link function 910 to model this problem. If we define the dependent variable Y as taking on the values 0, 1, 2, or 3 designating membership in the normal, mild, moderate, or severe disease class, respectively, then this model states: L=logit(/)= log[odds(y£/)|X]=<^+0'X, where ; = 1,2, or 3 for any vector of the covariates X and for any corresponding vector of the coefficient parameters p. This model implies that for a fixed;, the logarithm of the ratio of the odds corresponding to two different covariate vectors X, and X 2 is /3'(X 2 -X^, independent of;'. It also implies that for a fixed set of covariates X, the logarithm of the ratio of the odds corresponding to two different ;'s (ji<J2) is L^-L^o^-o^, independent of the covariates. These are characteristics of all models in the class of monotone "link" functions mapping the interval (0, 1) onto (-<», °°). In a somewhat loose sense, this characteristic of these models implies that whatever there is about the covariates X that might cause the dependent variable Y to change from one value to the next operates over all possible values of Y. This is, of course, similar to the assumptions of a simple linear model in which Y is a continuous variable. Because age and sex are known to be related to almost all diseases and certainly to extracranial CAS, these two variables were included in all models. Age (in years) was a continuous variable defined as the difference between the date of arteriography and the patient's date of birth divided by 365.25; sex was coded as 0 for females and 1 for males and consequently will be referred to as the variable male.
Each other variable was then entered individually into a model already including age and male. Here, a single variable may actually refer to a collection of variables that, of necessity, appears in a model only as a collective. Thus, for example, multiple indicator variables are needed to identify cigarette use, and the years since quit variable must be included with an indicator variable designating whether the patient had ever smoked. The impact of adding each such new variable was assessed by comparing the model x 2 statistics. The potential of an interaction, implying effect modification, for each of these individual variables with age and male was also assessed at this time.
The primary purpose of our study was to develop a multivariate model of the relationship of extracranial CAS to several concomitant variables. Consequently, after the individual variables were assessed as described, the process of building such a model began. The process was a stepwise one, although not mechanically so.
In general, at each step each variable not in the model was assessed as to its contribution to the model, and the most significant variable was added to the model. This process continued until no variable not in the model made a significant (p<0.05) contribution. However, when two or more variables were more or less equivalent as far as their probability values were concerned, the variable that was the more physiologically relevant was selected for entry. Also, when one variable could play the role of two, that single variable was selected on the principle of parsimony. Interaction and higher-order variables were included in this process, and when several variables logically formed a set they were considered as a set and included only collectively. As this process continued, any variable previously entered could be removed if its probability value within the model suggested that it was no longer significant.
When a "final" model was derived, each variable not in the model was then reassessed to see if any might make a significant contribution.
Using the final logistic regression model, we estimated the ratio between the odds of having severe extracranial CAS related to age and to the years smoked and the odds of having severe CAS at age 40, never having smoked, while controlling for other significant variables. This odds ratio is defined in the form of a compound fraction as (probability of having severe CAS at age X, having smoked Y years •*• probability of not having severe CAS at age X, having smoked Y years) -=-(probability of having severe CAS at age 40, never having smoked-;-probability of not having severe CAS at age 40, never having smoked). This arbitrarily sets the odds ratio as 1 for a never smoker aged 40 years.
Results
Of the 752 patients who had at least one extracranial arterial site visualized, 457 were men (61%). The median age was 61 (range 40-69) years. The arteriogram was classified as normal in 315 patients (42%) and as indicating mild CAS in 130 (17%), moderate CAS in 93 (12%), and severe CAS in 214 (29%). Atherosclerotic cerebrovascular disease was the indication for arteriography in 529 patients (70%). Of these patients, 138 (26%) were classified as having normal arteriograms and 204 (39%) as having severe CAS. Only 10 (4%) of the 223 patients having arteriography for nonatherosclerotic indications had severe CAS, and 177 (79%) of the 223 arteriograms were classified as normal. The distributions of the variables assessed in the analysis are summarized in Tables 1 and 2 by arteriographic classification.
We thought we needed evidence of whether patients with atherosclerotic disease as the indication for arteriography had quit smoking because of the diagnosis. Therefore, among the 263 patients who had quit smoking, we determined the percentage who had done so in the year prior to arteriography. For those with atherosclerotic disease as the indication, 16% had quit during the previous year. This percentage was not significantly different from the 13% for those with nonatherosclerotic indications for arteriography.
In the analysis of the 752 patients, both age and sex were related significantly to the CAS severity class. Consequently, each of the 12 potentially related variables (from Tables 1 and 2 ) was assessed individually for its association with CAS severity class, controlling for the effects of age and sex. The results of such assessments are summarized in Table 3 , with the variables listed in descending order of level of significance. Of special note is the variable years since quit, which is actually an interaction with a variable indicating whether a patient had ever smoked and was always modeled in conjunction with that indicator variable. In the analysis, the longer since the patient quit smoking, the more likely the patient would have less severe CAS. The nine significant variables (/?<0.05) from Table 3 served as the starting point for the multiple logistic regression analysis.
The multiple logistic regression analysis, as described above, showed that each variable that was thought to represent a comorbid condition was related significantly to the presence of severe CAS. No variable that was considered as probably unrelated had a significant independent association with CAS.
After multiple logistic regression analysis was performed adjusting for age and sex, the risk factors that remained independently significant were, in decreasing order, years smoked, hypertension, diabetes mellirus, and current systolic blood pressure (Table 4) . No interaction term that was introduced into the We assessed the impact of the variable number of cigarettes smoked per day on the final logistic regression model. This variable showed no independent association. We also assessed the variable former smoker and the interaction variables former smokerage and former smoker-years smoked. None of these showed an independent effect, given the final model. These assessments were for reassurance that all of the smoking variables had been fully considered.
The multiple logistic regression analysis was also performed in the same fashion, but included only the 534 persons who were current or former smokers. The resulting significant variables (and \ 2 statistics), in decreasing order, were years smoked (22.3), age (21.9), diabetes mellitus (11.0), and hypertension (10.8) . Male sex (3.28) and current systolic blood pressure (2.4) were no longer significant; however, the actual coefficients for all of these variables (including the two that were not significant in the analysis of only current and former smokers) were similar to those obtained when all 752 patients were analyzed.
Using the final logistic regression model for all patients, we calculated the ratios of the odds of having severe CAS as a function of age and years smoked (all other risk factors held constant) relative to the odds of having severe CAS for a 40-year-old person, male or female, who had never smoked ( Table 5 ). The odds ratio increased with age for smokers and never smokers (Figure 1 ). The rate of increase for former smokers is less than that for smokers and equal to that for never smokers.
Discussion
Relatively few arteriographic studies have evaluated the relation between cigarette smoking and CAS, 11 - 16 and only two of these studies have attempted some form of multivariate analysis of potential risk factors. 15 ' 16 One study 15 found that the average stenosis of the two internal carotid arteries was correlated with age, total cholesterol concentration, the high density lipoprotein cholesterol: total cholesterol ratio, history of smoking, and hypertension; however, that study assessed the variables individually, with no adjustment for the confounding effects of any variables other than age. The Italian Multicenter Study 16 included only patients with symptomatic cerebrovascular disease, and the authors found that history of cigarette smoking, age, and cholesterol level were related to the presence of extracranial CAS; however, only cigarette smoking was related to the severity of extracranial CAS. Another report 17 investigating multiple risk factors in patients with noninvasive assessment of extracranial CAS by duplex ultrasonography used multiple linear regression and found that age, hypertension, and pack-years smoked were positively a t plus appropriate sum of other variables in model is odds of carotid atherosclerosis being other than normal. 02 plus sum as above is odds of carotid atherosclerosis being moderate or severe. a 3 plus sum as above is odds of carotid atherosclerosis being severe.
'Positive values indicate increasing effect on severity of CAS, with increasing value for the continuous variables age, years smoked, and systolic blood pressure. correlated with the extent of extracranial CAS. Some of these investigators 18 also noted, with a noninvasive assessment, that cigarette smoking was a risk factor for severe extracranial CAS after taking into account the effect of other risk factors such as age and hypertension. That study considered only the smoking variables current smoker and former smoker but suggested that former smokers had less CAS than current smokers. 18 The decision to perform cerebral arteriography in our patients was based on clinical symptoms such as TIA or sudden severe headache associated with subarachnoid hemorrhage and was not influenced by the presence or absence of potential vascular risk factors such as hypertension, diabetes, or cigarette use. However, patients with severe uncontrolled hypertension or diabetes or any other immediately life-threatening disorder would have been systematically excluded because of the inherent risk of arteriography. The 30% of patients who had arteriography for indications other than cerebrovascular Age, yr disease ensured a substantial number who would be expected to have a distribution of CAS more like that of the normal population, thus reducing any selection bias. Severe CAS was present in 4% of such patients. We also found that among former smokers, there was no significant difference in the percent who had quit during the year before arteriography when we compared patients with atherosclerotic disease as the indication for arteriography to patients with nonatherosclerotic indications. The observation that similar effects were found for current smokers and former smokers as were found for all patients gives further credence to the validity of our findings. The 36% of patients who were current cigarette smokers is similar to the national average of 34% in 1983. 19 Multiple logistic regression analysis showed that years smoked was the most important risk factor for the presence of severe CAS, even surpassing age (Table 4 ). Other risk factors that remained independently significant after multifactorial analysis were, in decreasing order, age, hypertension, diabetes mellitus, male sex, and current systolic blood pressure. No other smoking-related variables, although highly significant individually, contributed to the model once the variable years smoked was entered.
Our finding that duration was the measure of cigarette smoking most strongly related to the presence of CAS and that it overwhelmed the impact of the other smoking variables differs from some previous reports of the relation between smoking and various types of atherosclerosis. 26 However, those studies used the number of cigarettes smoked per day or the pack-years or the history of cigarette smoking as defined risk variables but did not assess the duration of smoking as a separate variable, and most did not assess confounding effects of other risk factors. A study of ischemic heart disease has also noted that years smoked was the most significant indicator of ischemic heart disease among all smoking variables. 27 The adjusted odds ratios for the likelihood of having severe CAS as a function of age and years smoked show that the risk increased with increasing age for smokers and never smokers but that the risk increased more rapidly for smokers (Figure 1 ). By age 60 years, the risk for a smoker of 40 years is approximately 3.5 times that for a never smoker of the same age (13.68/3.96, Table 5 ).
The odds ratios for former smokers, derived from the final logistic regression model, show that the accumulated excess risk of smoking persists after quitting. The effect of quitting smoking as estimated from this cross-sectional study must be interpreted in terms of the model used. Because the variables former smoker and years since quit were not significant and because no interaction terms were significant when the other significant variables were held constant, this leaves increasing age as the only relevant variable influencing the presence of severe CAS in those who had quit smoking. Therefore, in Table 5 a former smoker is modeled with years smoked held constant; for example, with 20 years of smoking a person who quit smoking at age 40 (odds ratio 1.86) has only the effect of increasing age, as noted horizontally on the same row, until age 70 (odds ratio 14.66). This increase with age is parallel to but higher than the increase with age in a never smoker (top row, Table 5 ), as graphed in Figure 1 .
A study of coronary atherosclerosis in men also showed that smoking cessation did not lead to regression of coronary atherosclerosis, 28 and the British Regional Health Study reached a similar conclusion about ischemic heart disease. 27 Recent studies in which clinical events (TIA and stroke) rather than the severity of a pathologic process were assessed showed that the number of cigarettes smoked per day and quitting smoking had a significant effect on the risk of stroke. 67 Years smoked was not assessed in the Framingham Study, 6 but it was assessed in the Boston Nurses Health Study and was not independently significant when assessed with the number of cigarettes smoked per day. 7 These studies concluded that short-term, reversible effects of smoking were primarily responsible for the increased risk of stroke.
Our study showed an increased frequency of severe CAS in daily alcohol drinkers in the individual risk factor analysis, but alcohol use was not significant in the multiple logistic regression analysis. This difference is undoubtedly because among the 49 daily alcohol drinkers, >63% were current smokers.
We conclude that duration of cigarette smoking is the most powerful variable associated with accelerated atherosclerosis of the extracranial carotid arteries. By implication, this study shows that the major benefit of smoking cessation is in limiting the accumulation of smoking years. History of hypertension, diabetes mellitus, and current systolic blood pressure each also had an independent effect toward increasing the severity of extracranial CAS after adjusting for age, sex, and years smoked. 
Appendix (continued) Risk Factors for Carotid Atherosclerosis

